The Total Ozone Mapping Spectrometer (TOMS) on board Nimbus 7 is used to infer the ultraviolet (UV) surface and cloud reflectance at 370 nm. Cloudless surface reflectivity was analyzed on a global basis for all surface types for several months. The UV surface reflectivity varies from 2% for some forest and grassland regions to 14% for some sandy desert areas. A notable exception is the large salt flats of Bolivia, which have a reflectivity of •60%. Cloud reflectivity was also analyzed for clouds located at three levels in the atmosphere, as determined by the 11.5-•m channel of the Temperature Humidity Infrared Radiometer. Average cloud reflectivity at 370 nm ranges from 52% for low clouds (tops < 2 km) to 76% for high clouds (tops > 7km at the equator, decreasing to > 4 km at poles).
and the surface/atmosphere contribution, is very dependent on the solar zenith angle and the satellite zenith angle. For example, in the case of a surface with a reflectivity of 8% at 380 nm (typical ocean surface reflectivity), a solar zenith angle of 30 ø, and satellite viewing in the nadir direction, the surface/atmosphere contribution is 23% of the total radiance sensed by the satellite. For the same surface but for a view zenith angle of 60 ø and a solar zenith angle of 60 ø, the surface/atmosphere contribution is 12% of the total radiance. the reflectivity independently, and the average of these two reflectivities, which we will call the TOMS reflectivity at 370 nm, was used in this study. Precision and accuracy in the computation of R is determined primarily by the precision and accuracy in the measurement of albedo and the accuracy of the terrain height tables. By comparison, the computational error in evaluating the four functions appearing in (2) for specified measurement conditions is negligible (•0.1%).
Since the TOMS instrument measures both the incoming solar flux as well as the earth's backscattered radiance, absolute accuracy in the measurement of the albedo is very high. Most of the instrument's components' the cross-track scanning mirror, the dispersion optics, the analog photodetector, and the instrument electronics, are common to both the solar flux and the earth radiance measurements, so that their individual calibrations do not appear in the computation of albedo. The accuracy in the albedo calibration is determined exclusively by the accuracy with which the reflectivity of an internal diffuser plate (shared by TOMS and the solar backscattered ultraviolet (SBUV)instrument on Nimbus 7 for measuring the solar flux) was known at the time of launch of the satellite and the accuracy with which its subsequent degradation in space has been monitored. Prelaunch albedo calibration accuracy ultimately depends on the calibration accuracy of the albedo standard maintained by the U.S. National Bureau of Standards (NBS). Accounting for the various steps involved in transferring the NBS calibration to the SBUV/TOMS diffuser, R. P. Cebula, H. Park, and D. F. Heath (Characterization of the Nimbus 7 SBUV radiometer for the long-term monitoring of stratospheric ozone, submitted to the Journal of Atmospheric and Oceanic Technology, 1987) estimate that at launch the diffuser reflectivity was known to within _+ 3% and that it has been monitored to a precision of _+0.5% at the TOMS wavelengths over the life of the instrument. The accumulated error in the TOMS albedo calibration after 6 years of operation is believed to be within _+ 3.5%. This converts to an error of _+ 2% in surface reflectivity. The TOMS measurement precision is determined by the 1 in 128 precision in converting the analog radiance signal to a digital signal. This translates into a root-mean-square (rms) reflectivity error of 0.3 %.
Error in estimating the surface reflectivity can also result from an error in estimating the surface pressure in the instantaneous field of view (IFOV) of the TOMS instrument. Since the terrain height tables used in computing the atmospheric optical depth are given on 2.5 ø latitude x 2.5 ø longitude grids, the IFOV atmospheric optical depth is sometimes overestimated in mountainous areas, resulting in an underestimation of the surface reflectivity by up to 3%.
Finally, we consider the errors that may result when the value of R derived from (2) is used to estimate the "scene reflectivity" in the TOMS IFOV. After Dave [1976] , the quantity "R" obtained from (2) is more properly called the "lambert equivalent reflectivity," which is closely related, though not exactly equal to the bidirectional reflectivity of the scene in the TOMS IFOV. This is because the strong atmospheric scattering at the TOMS wavelengths diffuses both the incoming solar radiation as well as the outgoing reflected radiation, thereby mixing radiation scattered at different angles. Fraser and Ahmad [1979] have computed the albedo that is derived from the TOMS reflectivity algorithm at 380 nm for an ocean surface, which is a highly nonlambertian surface. They found that the albedo is strongly overestimated when the wind speed is low (2 m s-x) and both the satellite zenith angle and solar zenith angle are 0 ø. However, as the difference between solar zenith angle and satellite zenith angle increases to 28 ø, the albedo derived from the TOMS reflectivity algorithm rapidly approaches the modeled "true" value. Also, for an increased wind speed of 10 m s-x Fraser and Ahmad found a much lower estimate of albedo in the solar glint region of 13%, versus 23% for the 2 m s-x case. For both cases the modeled surface albedo was 4%. It is noted that over most of the ocean surface the wind speed will exceed 2 m s-x and therefore the maximum specular reflection effect will not occur very often. The anisotropy over land surfaces at 370 nm is generally much less than that of ocean surfaces. It is also. important to note that the TOMS instrument scans in a direction which is nearly perpendicular to the principal plane of the sun and that this scanning direction minimizes the effects of surface anisotropy, since neither the direct forward-scattering nor the backscattering directions are viewed very often. For a mid level cloud surface, Taylor and Stowe [1984] computed the anisotropic factors from the NIMBUS 7 Earth Radiation Budget (ERB) instrument measurements of 0.2-to 4.5-/•m radiance as a function of satellite zenith angle and relative azimuth angle to the sun for two extreme solar zenith angle ranges. They found that the anisotropy of the cloud in the plane perpendicular to the principal plane is much less than the anisotropy in the principal plane. However, since the broadband wavelength range of ERB is so dissimilar to TOMS, the magnitude of this anisotropy cannot be used to estimate cloud anisotropy at 370 nm. Nevertheless, it is emphasized that in this paper the word "reflectivity" refers to "lambert equivalent reflectivity," derived using (2), and may differ from the reflectivity of the underlying surface as measured by a surface-based instrument.
EARTH SURFACE REFLECTIVITY
To determine quantitatively the surface reflectivity of the earth from TOMS data, we examined the minimum reflec- The reflectance of a pine forest in northern Florida at 360 There is one type of natural surface for which TOMS measured much higher reflectivity than all other surfaces at 370 nm. This is a salt fiat or pan and the only one which is large enough to be resolved by the TOMS field of view is the Salar de Uyuni located in southwestern Bolivia. This region is composed predominantly of sodium chloride with some potassium salts and is roughly 100 x 100 km in size. Therefore nearnadir measurements by TOMS which are centered on this feature are not affected by adjacent surface types. TOMS refiectivities for this salt pan for cloudless conditions during July 1979 range from 57-65%. This variability could be due to nonhomogeneity of the pan or possibly by a small amount of land surface from outside the pan contaminating the field of view. Hulburt [1928] measured, under laboratory conditions, a reflectance of 38% for sodium chloride in the spectral band 300-400 nm. Ashburn and Weldon [1956] found a reflectivity of 46% at 400 nm for a salt bed in California. The variability could partly be due to differences in spectral bands and also possibly to a variation in salt crystal size and composition. Plate 1 shows some mountainous areas having reflectivities of 0-1%. Such low reflectivities may be partially due to the coarse resolution at terrain height correction tables used in the TOMS reflectivity algorithm (section 2). The average cloud reflectivity on a global scale was determined for clouds at three different cloud-top altitudes by using an independent determination of cloud fraction and altitude. It is noted that the "cloud" reflectivity is more accurately described as the "overcast atmosphere/surface" reflectivity, since some of the atmosphere/surface underlying the cloud might be sensed by the TOMS radiometer, depending on the cloud optical depth at 370 nm. For simplicity, however, we will refer to these reflectivities as cloud reflectivity. The cloud 
CONCLUSIONS
UV reflectivities at 370 nm measured by the TOMS instrument on Nimbus 7 are able to resolve all the significant cloud features, which is apparent in comparison to a GOES visible image. Using THIR infrared radiances to determine cloud amount and height, the TOMS reflectivities for low clouds (below 2 km) average 51.5%, for midlevel clouds (from 2 km to 4-7 km) average 57.0%, and for high clouds (above 4-7 km, depending on latitude) average 76.0%. This increase in UV reflectivity with cloud-top altitude is apparently due to an increase in the average cloud thickness.
UV reflectivities for cloudless scenes measured by TOMS typically vary from 2--9% for most types of land and water (ocean) surfaces. These reflectivities are in excellent agreement with measurements made of similar surface types from aircraft at 360 nm and 380 nm. The typically low surface reflectivities in UV allow for the detection of clouds over deserts and coastal areas where visible and infrared techniques may have problems. A few earth surface types have UV reflectivities of greater than 9%. These areas include some areas of the Saharan desert (Libyan desert especially) and some parts of Saudi Arabia with reflectivity ranging from 10-14%. These areas are a relatively small percentage of the total desert areas, however. One other notable exception is the Salar de Uyuni, a large salt flat in southwestern Bolivia, which has a UV reflectivity of --, 60%.
